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RECORDING MEDIUM CONVEYING DEVICE AND IMAGE FORMING APPARATUS 

INCLUDING THE SAME 

[0001] This application claims priority from JP 2003-096020, filed March 3 1 , 2003, 
and incorporates the contents thereof by reference thereto. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0002] The invention relates to a recording medium conveying device that conveys 
a recording medium by nipping the recording medium, and an image forming apparatus 
including the recording medium conveying device. 

2. Description of Related Art 

[0003] In a conventional image forming apparatus, that forms an image onto a 
recording medium by ejecting ink droplets from nozzles of an ink jet recording head, the 
recording medium is intermittently (step by step) moved in a sub-scanning direction by a 
predetermined distance. While the recording medium is not intermittently moved, a carriage 
having the recording head is moved in a main scanning direction to form an image in a 
predetermined area. 

[0004] In the image forming apparatus, a pair of upstream conveyor rollers and a 
pair of downstream conveyor rollers are provided upstream and downstream of the recording 
head in a recording medium conveying direction, respectively. The recording medium is 
nipped by the pairs of upstream and downstream conveyor rollers and is moved in the sub- 
scanning direction by intermittently driving both the pairs of conveyor rollers. 

[0005] Especially in a case where a recording medium is thick, a load that is 
imposed on the recording medium from a nipping point of the upstream conveyor rollers 
suddenly becomes zero when a trailing edge of the recording medium is released from the 
upstream conveyor rollers. With the change of the load, the trailing edge of the recording 
medium is suddenly pushed by the upstream conveyor rollers, resulting in the recording 
medium being excessively conveyed against the nipping force of the downstream conveyor 
rollers. Because of this situation, an image dropout (an image is severed into several pieces) 
occurs in the recording image in a sheet conveying direction, thereby degrading image 
quality. 
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[0006] Japanese Laid-Open Patent Publication No. 3-90378 discloses a medium 
processing device wherein a printing unit is provided between a pair of upstream conveyor 
rollers and a pair of downstream conveyor rollers, a first detector is provided near the 
upstream conveyor rollers, and a second detector is provided near the downstream conveyor 
rollers. Each of a driven roller of the upstream and downstream conveyor rollers includes an 
engaging and disengaging device (solenoid) to selectively engage and disengage the driven 
rollers with and from respective drive rollers. 

[0007] Based on the detection of a leading edge of the recording medium by the first 
or second detectors, the leading edge of the recording medium is positioned between the drive 
roller and driven rollers, which are separated from one another. Then, the driven roller is 
brought into contact with the drive roller so as to be pressed against the drive roller, and the 
recording medium is conveyed in a downstream direction. Based on the detection of the 
leading edge and the trailing edge of the recording medium by the first detector, a length of 
the recording medium is obtained. After that, the leading edge of the recording medium is 
positioned in a printing position by rotating the drive rollers in a reverse direction to convey 
the recording medium in the reverse direction. Then, the upstream conveyor rollers are 
rotated in a normal direction to perform printing on the recording medium. As the second 
detector detects the leading edge of the recording medium, the solenoid activates so that the 
recording medium is nipped by the drive roller and the driven roller of the downstream 
conveyor rollers and another solenoid activates to disengage the driven roller from the drive 
roller of the upstream conveyor rollers. After that, the recording medium processing device 
continues the printing operation in a printing area while the recording medium is nipped by 
the downstream conveyor rollers. 

SUMMARY OF THE INVENTION 

[0008] However, according to Japanese Laid-Open Patent Publication No. 3-90378, 
the upstream and downstream conveyor rollers need to be rotated in the normal direction and 
the reverse direction in order to detect the length of the recording medium and the trailing 
edge of the recording medium. Due to this operation, the printing operation cannot be 
speedily performed. In addition, if the nipping of the recording medium by the pair of 
upstream conveyor rollers are suddenly released during the printing operation by the ink jet 
head, the surface of the recording medium waves and uplifts due to ink ejected onto the 
recording medium at high densities and the surface of the recording medium contacts the 
nozzle surface of the ink jet head, thereby causing degradation in the quality of the image. 



[0009] The invention provides a recording medium conveying device wherein 
pushing of a recording medium by a pair of upstream conveyor rollers is avoided and a 
smooth conveyance of the recording medium is achieved, and an image forming apparatus 
using the recording medium conveying device. 

[0010] According to one exemplary aspect of the invention, a recording medium 
conveying device that conveys a recording medium to a recording area, includes a pair of first 
conveyor rollers that are provided upstream of the recording area and convey a recording 
medium by nipping the recording medium therebetween, a detector that detects a position of 
the recording medium, a nipping force changing unit that changes the nipping force of the 
pair of first conveyor rollers, and a controller that controls an operation of the nipping force 
changing unit in accordance with the position of the recording medium detected by the 
detector. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] An embodiment of the invention will be described in detail with reference to 

the following figures wherein: 

[0012] FIG. 1 is an overall perspective view of a multifunctional apparatus; 
[0013] FIG. 2 is a side view of an ink-jet type printing unit and a recording medium 

conveying device; 

[0014] FIG. 3A is a side view showing a position of an eccentric cam when a 
nipping force of a pair of upstream conveyor rollers is weak; 

[0015] FIG. 3B is a side view showing a position of the eccentric cam when the 
nipping force of the pair of upstream conveyor rollers is a maximum- 

[0016] FIG. 4 is a perspective view of a suction-type platen and the recording 
medium conveying device; 

[0017] FIG. 5 a functional block diagram of a controller; and 

[0018] FIG. 6 is a time chart showing a control of changing the nipping force of the 
upstream conveyor rollers. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0019] An embodiment of the invention will be described with reference to FIGS. 1 
to 6. In the embodiment, the invention is applied to a recording medium conveying device 3 
which is provided in a printing unit 10 having an ink-jet type recording head 2, of a 
multifunctional apparatus 1 that has a facsimile function, a scanning function, a copying 
function and a printing function. 
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[0020] As shown in FIG. 1, a body case 4 of the multifunctional apparatus 1 is 
provided with an operating panel 5 at the front part of its upper surface. The operating 
panel 5 includes ten-digit keys 5 a for performing the facsimile function, the scanning function 
and the copying function, button keys 5b for instructing operations, and a liquid crystal 
panel 5c. A document reader having a contact-type image sensor (not shown) is provided at 
the back of the operating panel 5. 

[0021] The body case 4 is also provided with a document feeding portion 6a, behind 
the operating panel 5, with an upper open structure. A document rest 6b is provided in an 
inclined posture, at the rear of the document feeding portion 6a. The document feeding 
portion 6a includes a pair of document guide plates 6c, which guide side edges of a document 
to be fed and are movable in a right-and-left direction in synchronization with each other. 

[0022] At the rear of the document rest 6b, a sheet feeding portion 7 is provided in 
an inclined posture. The sheet feeding portion 7 holds a stack of recording mediums P to be 
supplied to the recording medium conveying device 3 (FIG. 2) which is provided in the 
printing unit 10 having the recording head 2, and is mounted in the body case 4. The sheet 
feeding portion 7 includes a pair of recording medium guide plates 7a, which guide side edges 
of the recording mediums P and are movable in the right-and-left direction in synchronization 
with each other. An output document holder 8 horizontally protrudes and extends from an 
opening provided in the front of the body case 4 in order to hold a document outputted to the 
outside through the document reader. A sheet output tray 9 horizontally protrudes and 
extends from an opening provided in the front of the body case 4, below the output document 
holder 8, in order to receive a recording medium P on which an image has been formed by the 
printing unit. 

[0023] FIG. 2 is a side sectional view of the recording medium conveying device 3 
and the printing unit 10 including the ink jet recording head 2. In the recording medium 
conveying device 3, a carriage 1 1 is supported by guide shafts 12, 13 so as to be slidable 
along the guide shafts 12, 13. In FIG. 2, the guide shafts 12, 13 extend in a direction 
perpendicular to the surface of the drawing. Hereinafter, the direction in which the 
carriage 1 1 moves is referred to as a main scanning direction. The recording head 2, with 
color ink-jet type cartridges, is mounted on the carriage 1 1 with nozzle surface 2a (having a 
nozzle set for each ink-jet cartridge) facing downward. Ink cartridges 14, each of which 
stores ink of the respective colors, such as cyan ink, yellow ink, magenta ink, and black ink, 
are detachably/attachably mounted on the upper surface of the recording head 2. The ink 
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cartridges 14 are downwardly pressed and fixed by respective levers 15 which can rotate in an 
up-and-down direction at an upper end of the carriage 11. 

[00241 The carriage 1 1 is connected to an endless timing belt (not shown), which is 
parallel to the guide shaft 12 and can reciprocate in the main scanning direction by activation 
of a carriage motor 57 (FIG. 5). 

[0025] A platen 16 is disposed below the carriage 1 1 so as to extend in the sub- 
scanning direction and to be opposite to the nozzle surface 2a of the recording head 2. As 
shown in FIGS. 2 and 4, the platen 16 includes a box-shaped frame whose upper surface 
includes a flat upper plate 18 opposed to the nozzle surface 2a of the recording head 2. The 
upper plate 18 is integrally provided with a plurality of ribs 17, which protrude from the 
upper surface of the upper plate 1 8 and extend in a recording medium conveying direction 
(hereinafter, referred to as a sub-scanning direction), perpendicular to the main scanning 
direction, at predetermined intervals provided therebetween in the main scanning direction. 
The upper plate 18 and the ribs 17 define a plurality of grooves 19 (FIG. 4) extending in a 
direction parallel to the recording medium conveying direction. In each of the grooves 19, 
suction holes 20 are provided in upstream and downstream end portions with respect to the 
recording sheet conveying direction so as to communicate with the lower portion of the 
frame. The suction holes 20 are provided in the upstream and downstream end portions near 
an image forming area defined by the recording head 2. The box-shaped frame of the 
platen 16 constitutes a suction chamber. A suction unit 21, such as a suction fan, is connected 
to a lower portion of the suction chamber. 

[0026] Next, the recording medium conveying device 3 will be described. The 
recording medium conveying device 3 includes a pair of upstream conveyor rollers 22, 23 and 
a pair of downstream conveyor rollers 24, 25, in order to intermittently convey a recording 
medium P, which is supplied by a sheet supply roller and a separation pad (both not shown) 
provided in the sheet feeding portion 7, by nipping the recording sheet P therebetween. The 
pair of the upstream conveyor rollers 22, 23 and the pair of the downstream conveyor 
rollers 24, 25 are provided at upstream and downstream positions, respectively, with the 
platen 16 therebetween. The downstream conveyor roller 24 is a long single drive roller 
extending in the main scanning direction. As shown in FIG. 4, the downstream conveyor 
roller 25, provided above the drive roller 24, comprises a plurality of narrow roller segments, 
or spurs, provided at predetermined intervals therebetween in the main scanning direction. 
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The driven roller 25 may be designed so as to press the drive roller 24 by individually urging 
the narrow roller segments by means of respective elastic springs. 

[0027] The upstream conveyor roller 22 is a long single drive roller extending in the 
main scanning direction. As shown in FIGS. 2 to 4, the upstream conveyor roller 23 is, in the 
embodiment, a plurality of driven rollers 23, which are rotatably provided at end portions of 
respective arms 26. The driven rollers 23 and the arms 26 are provided at predetermined 
intervals in the main scanning direction. More particularly, as shown in FIGS. 3 A and 3B, a 
middle portion of each of the arms 26 is rotatably supported by a support shaft 27 supported 
by the frame 28 provided upstream of the carriage 1 1 in a standing posture. Each of the 
arms 26 can rotate in the up-and-down direction about its middle portion. The driven 
rollers 23 are disposed at symmetrical positions about a center line of the recording medium P 
in the width direction (in the main scanning direction). The upstream and downstream drive 
rollers 22, 24 are synchronized with each other via the conveyor motor 59 (FIG. 5) and a 
power transmission mechanism (not shown) including a plurality of gears, so as to rotate in 
the same direction. 

[0028] Next, a nipping force changing mechanism will be described. The nipping 
force changing mechanism changes a nipping force of the drive roller 22 and the respective 
driven rollers 23. Further, in the embodiment, the nipping force changing mechanism allows 
the driven rollers 23 to be disengaged from the drive roller 22 (or permits the nipping force to 
be zero (0)). As shown in FIGS. 2 to 3B, the nipping force changing mechanism includes an 
eccentric cam 30 fixed to a drive shaft 29, a movable body 31 moving back and forth in the 
sub-scanning direction, and an urging spring 32 connecting the other end (upper end) of the 
arm 26 with the movable body 3 1 . 

[0029] A plurality of the eccentric cams 30 are provided so as to correspond to the 
plurality of arms 26. For each eccentric cam 30, a movable body 3 1 is provided. Each of the 
movable bodies 31 includes a middle piece 31a which defines a first recessed regulating 
portion 33, on the one side, in which the eccentric cam 30 is provided, and a second recessed 
regulating portion 34, on the other side, in which the end portion 26a of the arm 26 and the 
urging spring 32 are disposed. The first regulating portion 33 opens upwardly and the second 
regulating portion 34 opens downwardly. 

[0030] A bracket 31b is provided to the middle piece 31a of each of the movable 
bodies 31 . The bracket 31b is provided with a slot 35 which extends in the sub-scanning 
direction and slidably guides the drive shaft 29 therein. The movable body 31 is supported by 
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a frame so as to be able to move back and forth in the sub-scanning direction. The drive 
shaft 29 is connected to a cam motor 63 (FIG. 5). The plurality of eccentric cams 30 attached 
to the drive shaft 29 are rotated simultaneously by the driving of the cam motor 63. 

[0031] As shown in FIGS. 2 to 3B, the position of the movable body 31 is changed 
with the variations in the rotational phase of the eccentric cam 30, whereby the nipping force 
of the driven roller 23 and the drive roller 22 is changed. For example, as shown in FIG. 2, in 
order to locate the eccentric cam 30 at a maximum eccentric position on an arrow B side, a 
substantially vertically standing contacting piece 33a opposite to the middle piece 31a of the 
movable body 3 1 is pushed a maximum distance in the direction indicated by the arrow B by 
the peripheral surface of the eccentric cam 30, and thus, the whole movable body 31 moves in 
the arrow B direction by the maximum distance in the first regulating portion 33. 

[0032] Therefore, the end portion 26a of the arm 26, fitted in the second regulating 
portion 34, is pushed in the arrow B direction by a contacting piece 34a of the second 
regulating portion 34. Thus, the portion of the arm 26, holding driven roller 23, is upwardly 
rotated so as to separate the driven roller 23 from the drive roller 22. 

[0033] As shown in FIG. 3B, in order to locate the eccentric cam 30 at a maximum 
eccentric position shown by arrow A, the peripheral surface of the eccentric cam 30 contacts 
and pushes the middle piece 3 1 a of the movable body 3 1 in the arrow A direction by a 
maximum distance. That is, the whole movable body 31 moves in the arrow A direction by 
the maximum distance. At that time, the end portion 26a of the arm 26 pressed by the urging 
spring 32 is pushed in the arrow A direction in the second regulating member 34 without 
contacting the contacting piece 34a. With this movement, the arm 26 downwardly rotates so 
that the driven roller 23 contacts and presses the drive roller 24 with a maximum pressure. 
Accordingly, in this state, the nipping force applied to the recording medium P by the driven 
roller 23 and the drive roller 22 is at a maximum strength. 

[0034] The state shown in FIG. 3 A is a condition between the state of FIG. 2 and 
the state of FIG. 3B. The eccentric cam 3 1 presses the middle piece 3 1 a of the movable 
body 3 1 in the arrow A direction at its peripheral surface at a position at which the eccentric 
amount of the cam 30 is smaller than the maximum eccentric position. The end portion 26a 
of the arm 26 is pressed by the urging spring 32 in the second regulating portion 34 and stably 
pushed against the contacting piece 34a. In this state, the force of nipping the recording 
medium P by the driven roller 23 and the drive roller 22 is a value proportional to the 
rotational phase of the eccentric cam 30. 
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[0035] As described above, because the nipping force changing mechanism includes 
the eccentric cams 30, the movable bodies 31, the arms 26, and the urging springs 32, a 
structure for changing the nipping force of the upper conveyor rollers 22, 23, step by step (a 
plurality of steps of at least two steps), can be easily realized. In addition, the fine adjustment 
of the changing amount can be very easily performed. 

[0036] An origin sensor 64 (FIG. 5) is provided to detect an origin point of the 
eccentric cam 30 (for example, the state of FIG. 2 is referred to as a standard position). The 
cam motor 63, as a stepping motor, is set so that the nipping force changing mechanism 
moves to the state shown in FIG. 3B or 3A when the cam motor 63 rotates a predetermined 
stepping number of times in a predetermined direction after the origin sensor 64 detects the 
origin point. 

[0037] In order to give variety in the eccentricities with respect to the rotational 
phases of the eccentric cams 30, the phase of the eccentric cams attached to the respective 
drive shaft 29 or the shape of the eccentric cams 30 can be changed depending on the 
positions of the driven rollers 23, when a plurality of driven rollers 23 are provided. For 
example, it is possible to provide a design such that the nipping forces are first released at the 
each side of the recording medium P in the sheet width direction and the nipping forces are 
then released at the portions near the center of the recording medium in the sheet width 
direction. 

[0038] A detecting mechanism 36 is provided near to and upstream of, the upstream 
conveyor rollers 22, 23. The detecting mechanism 36 detects a leading edge of a recording 
medium P being fed and that the nipping of the recording medium P by the upstream 
conveyor rollers 22, 23 will be released at a next intermittent conveyance. The detecting 
mechanism 36 includes a rotating lever 37, shown by a double dot and dashed line in FIG. 2, 
and a register sensor 38, such as a photointerrupter, that detects an approach of a base end of 
the rotating lever 37 with respect to the detecting mechanism 36. When a free end (lower 
end) of the rotating lever 37 is positioned in an opening 40 provided in an upper surface of a 
guide plate 39 (in a state where a trailing edge of the recording medium P has passed over the 
guide plate 39), the base end of the rotating lever 37 is located at a position close to the 
register sensor 38, so that the detecting mechanism 36 outputs an on signal. In a state where 
the free end of the rotating lever 37 is upwardly rotated by the leading edge of the recording 
medium P, the base end of the rotating lever 37 moves away from the register sensor 38, so 
that the detecting mechanism 36 outputs an off signal. 
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[0039] FIG. 5 is a functional block diagram of a controller 50, which controls a 
recording medium conveying operation. The controller 50 includes a microcomputer 
including a CPU 51, a ROM 52, and a RAM 53 and is connected to an ASIC (Application 
Specific Integrated Circuit) 54. The controller 50 controls all operations of the 
multifunctional apparatus 1 as well as the recording medium conveying operation. In the 
controller 50, the CPU 51, which performs various calculations and controls, the ROM 52, 
which stores programs and parameters required for control by the CPU 51, the RAM 53, 
which stores image data and various data, such as an LF correction value and an EX 
correction value, and the ASIC 54 are connected with each other via a bus 55. 

[0040] The ASIC 54 is connected with a drive circuit 56 for the recording head 2, a 
drive circuit 58 for the carriage motor 57, a drive circuit 60 for a conveyor motor 59 for 
conveying a recording medium P, an image reader 61, a drive circuit 62 for the cam motor 63, 
the cam origin sensor 64, a panel interface 65 for the operating panel 5 and the crystal liquid 
panel 5c, the register sensor 38 that detects leading and trailing edges of a recording medium 
P, a rotary encoder 66 that counts a length of the recording medium conveyed by the upstream 
conveyor rollers 22, 23, a linear encoder 67 that detects a moving distance and a moving 
direction of the carriage 1 1, a suction unit 21, such as the suction fan, that sucks air existing 
in the platen 16, a parallel interface 68 that inputs and outputs image data to and from an 
external device, such as a personal computer, a USB interface 69 that inputs and outputs 
image data to and from an external device, such as digital camera, and a network control unit 
(NUC) 70 and a modem 71 that enables the transmittal of data through an external facsimile 
and a general public line. 

[0041] Control of the changing and releasing of the nipping force of the pair of 
upstream conveyor rollers 22, 23 will be described with reference to the timing chart of 
FIG. 6. As an instruction for forming an image (printing) is issued by operating buttons 
provided in the operating panel 5, a topmost recording medium P is separated from the stack 
in the sheet feeding portion 7 and is fed toward the lower edge of the rotating lever 37 
(FIG. 2) by the rotation of the sheet supply roller (not shown). When a leading edge of the 
recording medium P pushes upward the rotating lever 37, the register sensor 38 outputs an off 
signal. Then, the cam motor 63, as a stepping motor, is driven by the predetermined number 
of steps to rotate the eccentric cams 30 so that the cams 30 move to the state shown in 
FIG. 3B, and the driven rollers 23 provided at the ends of the arms 26 are pressed against the 
drive roller 22 from above, at the upstream side in the conveying direction. At this point, the 
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drive roller 22 is not driven and is at a standstill. In this state, the recording medium P is 
conveyed by a predetermined distance by the sheet supply roller until the leading edge of the 
supplied recording medium P abuts against the nipping points of the plurality of driven 
rollers 23 and the drive roller 22, so that the leading edge of the recording medium P is held 
in a posture parallel to the main scanning direction. Then, the leading edge of the recording 
medium P is nipped at the nipping points between the plurality of driven rollers 23 and the 
drive roller 22 (a nipping load WO at an early condition, see FIG. 6) by driving the drive 
roller 22 and stopping (releasing) of the sheet supply roller, and the upstream drive roller 22 
and the downstream drive roller 24 are intermittently driven in synchronization with each 
other. 

[0042] The recording head 2 is provided with nozzles for ejecting ink droplets (not 
shown), in rows, at predetermined intervals, in the sub-scanning direction. The recording 
head 2 forms an image in an area having a predetermined printing width by moving in the 
main scanning direction along the guide shafts 12, 13. While the recording head 2 is moving 
in the main scanning direction to perform printing, the drive rollers 22, 24 are not driven. 
When the recording head 2 is not driven, the drive rollers 22, 24 are driven. That is, the 
movement of the recording head 2 and the printing operation, and the driving of the drive 
rollers 22, 24 are alternately performed, thereby intermittently driving the drive rollers 22, 24. 

[0043] While the recording medium P is supplied and ejected on the output tray 9, 
the suction unit 21 is activated. When the suction unit 21 is activated, air is sucked from the 
upstream and downstream sides of the platen 16 through the grooves 19 provided therein, so 
that the supplied recording medium P does not lift toward the recording head 2. Accordingly, 
the recording medium P is levelly supported on the upper surfaces of the ribs 17 of the 
platen 16 and a distance between the recording medium P and the nozzle surface 2a of the 
recording head 2 is maintained constant at all times. 

[0044] As described above, in the state where the suction unit 21 is activated, the 
intermittent driving is repeated. More particularly, the intermittent driving is as described 
below. The recording head 2 is driven with moving the carriage 1 1 in the main scanning 
direction while the conveyance of the recording medium P is temporarily stopped. While 
doing so, ink droplets are selectively ejected from the nozzles to form an image in a 
predetermined area. After that, the recording medium P is conveyed in the sub-scanning 
direction by a predetermined distance and then the conveyance of the recording medium P is 
stopped and an image is formed by moving the carriage 11. 



11 

[0045] The pair of downstream conveyor rollers 24, 25 and the pair of upstream 
conveyor rollers 22, 23 are synchronized such that the conveying speed of the pair of 
downstream conveyor rollers 24, 25 is slightly faster than the conveying speed of the pair of 
upstream conveyor rollers 22, 23. However, because the nipping force of the pair of 
downstream conveyor rollers 24, 25 is weaker than the nipping force of the pair of upstream 
conveyor rollers 22, 23, the recording medium P slips to some extent at the nipping points of 
the pair of downstream conveyor rollers 24, 25 even though the drive rollers 22, 24 are 
synchronously driven. Thus, the flatness of the recording medium P is maintained on the 
platen 16. That is, it is designed such that the conveying distance of the recording medium P 
by the downstream conveyor rollers 24, 25 is larger than the conveying distance by the 
upstream conveyor rollers 22, 23 in order to prevent warping of the recording medium P. 

[0046] A recording medium edge detecting position of the rotational lever 37 is 
provided upstream from the pair of the upstream conveyor rollers 22, 23. The detection of the 
passage of the trailing edge of the recording medium P can be detected by a detection value 
(on, off) of the register sensor 38. A distance of travel in the conveying direction (the sub- 
scanning direction) of the recording medium P provided by the upstream conveyor rollers 22, 
23 at each intermittent movement and a cumulative travel distance (a travel distance L, see 
FIG. 6) can be calculated by detection values of the rotary encoder 66. Therefore, a moving 
timing Tl at which the trailing edge of the recording medium P comes out of the nipping 
points of the upstream conveyor rollers 22, 23 in the discharge direction can be also 
determined by the detection values of the rotary encoder 66. More particularly, the 
controller 50 calculates a time at which a conveying distance of the recording medium P 
exceeds a predetermined value (a distance between the attaching position of the rotary 
lever 37 and the position of the upstream conveyor rollers 22, 23) after the register sensor 38 
detects the trailing edge of the recording medium P (switches an off signal to an on signal). 
When a type of recording medium P to be used is known in advance, the length is also known 
and a timing at which the cumulative travel distance L exceeds the length of the recording 
medium P after the register sensor 38 detects the leading edge of the recording medium P 
(switches an on signal to an off signal) may be calculated. 

[0047] By providing the detecting mechanism 36, which detects the leading and 
trailing edges of the recording medium P, at the position upstream of the upstream conveyor 
rollers 22, 23, the detecting mechanism 36 can very easily detect that the recording medium P 



12 

will come out of the nipping points of the upstream conveyor rollers 22, 23 at a next 
intermittent conveyance. 

[0048] Accordingly, the timing Tl at which the recording medium P comes out of 
the nipping points of the upstream conveyor rollers 22, 23 at a next intermittent conveyance 
(see FIG. 6) is determined. At a timing T2, which occurs while the conveyance of the 
recording medium P is stopped and which is an appropriate time period prior to the timing 
Tl, the cam motor 60 is driven by the drive circuit 62 in order to bring the cams 30 into the 
phase of FIG. 2 or 3 A. In the state shown in FIG. 2, the driven roller 22 is disengaged from 
the drive rollers 23 by rotating the arms 26 so that the nipping force W of the pair of upstream 
conveyor rollers 22, 23 becomes 0 (zero). In the state shown in FIG. 3 A, the movable 
bodies 3 1 move leftward in the drawing, so that the urging force of the urging springs 32 
become weak. Thus, the nipping force W reduces to Wl (see the right part of the nipping 
load (1) in FIG. 6). The nipping force Wl is set to weaken enough so that the upstream 
conveyor rollers 22, 23 do not interrupt the conveyance of the recording medium P by the 
downstream conveyor rollers 24, 25. 

[0049] As described above, during the intermittent movement immediately before 
the trailing edge of the recording medium P comes out of the nipping points of the upstream 
conveyor rollers 22, 23, the nipping force W of the upstream conveyor rollers 22, 23 is 
reduced to zero or Wl. That is, when the controller 50 determines that the recording medium 
P will be conveyed by the downstream conveyor rollers 24, 25 only by a next driving of the 
upstream conveyor rollers 22, 23, the controller 50 releases the nipping force of the upstream 
conveyor rollers 22, 23 or reduces the nipping force to a force smaller than the maximum 
force that the upstream conveyor rollers 22, 23 can exert on the recording medium P, by 
rotation of the eccentric cams 30. With this structure, the recording medium P is prevented 
from being pushed when the trailing edge of the recording medium P comes out of the nip of 
the upstream conveyor rollers 22, 23. Even when the pushing of the recording medium 
happens, this situation can be restricted to a minimum amount. Accordingly, the situation 
such that the recording medium P advances beyond the nipping force provided by the 
downstream conveyor rollers 24, 25 can be prevented. 

[0050] However, as described above, the sheet conveying distance of the pair of 
downstream conveyor rollers 24, 25 is set to be larger than the sheet conveying distance of the 
pair of upstream conveyor rollers 22, 23, in order to prevent the recording medium P from 
deforming or waving. Therefore, in this case, the sheet conveying distance will be longer 
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than usual. Thus, it is necessary to perform a correction when the recording medium P is 
conveyed by the pair of downstream conveyor rollers 24, 25 only. 

[0051] In the above case, by performing an LF correction (1), in which a correction 
value of an intermittent conveying distance (EX distance) by the downstream conveyor 
rollers 24, 25 is changed from an initial value (zero) to a proper value (EX1), concurrently 
with the control of reducing the nipping force W (see FIG. 6), the conveyance of the 
recording medium P can be smoothly switched to the downstream conveyor rollers 24, 25. 
The proper value (EX1) is a correction value that corresponds to a difference of the sheet 
conveying distance between the upstream conveyor rollers 22, 23 and the downstream 
conveyor rollers 24, 25. 

[0052] With the above control, an image dropout (i.e. so-called white lines) can be 
prevented from occurring in a recording image, so that deterioration of the image can be 
positively prevented and excellent image quality can be assured. 

[0053] Another embodiment of the control of changing the nipping load W will be 
described. As shown in the nipping load (2) of FIG. 6, the changing of the nipping load W 
may be performed by several steps, for example, two steps or more, corresponding to the 
intermittent conveyance. That is, at the several intermittent conveyances before the trailing 
edge of the recording medium P comes out of the nipping points of the pair of upstream 
conveyor rollers 22, 23, the nipping load W (nipping force) is controlled so as to become 
smaller step-by-step at the approach to the time period when the recording medium P comes 
out of the nipping points (W0 => Wl => W2). In order to do so, cam motor 63 is driven by 
an appropriate stepping number of times so as to change the rotational phases of the eccentric 
cams 30 in order to reduce the nipping force of the pair of upstream conveyor rollers 22, 23, 
step-by-step. By doing so, pushing of the recording medium P can be prevented when the 
trailing edge of the recording medium P comes out of the upstream conveyor rollers 22, 23. 
When the nipping load W (nipping force) of the upstream conveyor rollers 22, 23 is reduced 
in several steps, that is, two steps or more, slippage error of the recording medium P can be 
reduced to a minimum. 

[0054] In each embodiment, concurrently with the control of reducing the nipping 
force W, an LF correction (2) is preformed. In the LF correction (2), a correction value of a 
conveying distance (LF distance) at an intermittent conveyance is changed from an initial 
value (zero) to a proper value (LF1 to LF2), step by step, with each conveyance by the 
upstream conveyor rollers 22, 23. After the time T2, which is a time before the trailing edge 
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of the recording medium P comes out of the nip of the upstream conveyor rollers 22, 23, the 
rollers for conveying the recording medium P can be smoothly switched to the downstream 
conveyor rollers 24, 25 by adopting the EX correction value (EX1) so that the sheet 
conveying distance of the upstream conveyor rollers 22, 23 is corrected so as to be equal to 
the sheet conveying distance of the downstream conveyor rollers 24, 25 (FIG. 6). 

[0055] In the above-described embodiments, the air-suction type platen 16 is used. 
Therefore, the trailing edge of the recording medium P does not come off the upper surface of 
the platen 16 after the trailing edge of the recording medium P is released from the nipping 
points of the upstream conveyor rollers 22, 23. Accordingly, the trailing edge of the 
recording medium does not contact or slide over the nozzle surface 2a. Thus, even if the edge 
portion of the recording medium P is curled, the image quality can be maintained. 

[0056] The nipping force changing unit can be structured as described below. The 
upstream drive roller 22 can be supported so as to move close to and away from the upstream 
driven rollers 23, and urging springs (a coil tension spring, a compression spring, or a torsion 
spring) that exert their force in an urging direction is provided to the arms 26. The nipping 
force of the pair of upper conveyor rollers 22, 23 can be changed by adjusting the positions of 
the end portions 26a of the arms 26 via the respective eccentric cams 30. 

[0057] As shown in FIGS. 2, 3 A, and 3B, when the driven rollers 23 are maintained 
separated from the drive roller 22 by the contacting pieces 34a of the respective movable 
bodies 31, it is unnecessary to provide a separated actuator to drive the movable bodes 31, so 
that the structure of the pinching force changing unit is simplified. 

[0058] With the structure described above, based on the position of the recording 
medium P, detected by the detecting mechanism 36, the operation of the nipping force 
changing mechanism is controlled to change the nipping force of the recording medium P by 
the upstream conveyor rollers 22, 23. Therefore, the nipping force of the upstream conveyor 
rollers 22, 23 is not suddenly released (does not suddenly drop to zero) and the recording 
medium P can be smoothly conveyed. 

[0059] The detecting mechanism 36 detects the distance from the pair of upstream 
conveyor rollers 22, 23 to the trailing edge of the recording medium P. Therefore, it is 
unnecessary to perform a normal rotation and reverse rotation of the upstream and 
downstream conveyor rollers, 22, 23, 24, 25 as done in the conventional manner. Thus, an 
image forming operation can be speedily performed. 
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[0060] The controller 50 allows the nipping force changing mechanism to reduce 
the nipping force of the upstream conveyor rollers 22, 23, step by step, based on the detection 
result of the detecting mechanism 36. Accordingly, the pushing of the recording medium P 
by the upstream conveyor rollers 22, 23 can be further effectively prevented. 

[0061] In addition, the conveyor motor 59 for driving the upstream conveyor 
rollers 22, 23 is provided. The controller 50 controls the conveyor motor 50 to intermittently 
drive the conveyor rollers. While the conveyor rollers are not driven, the nipping force 
changing mechanism changes the nipping force of the upstream conveyor rollers 22, 23. 
Therefore, the pushing of the recording medium P by the upstream conveyor rollers 22, 23 
can be further effectively prevented as compared with a case where the nipping force is 
changed during the intermittent conveyance of the recording medium P. 

[0062] It is preferable that the plurality of driven rollers 23 are provided so as to 
align in a direction perpendicular to the sheet conveying direction and to be symmetrical 
around a center line of the recording medium P and the nipping force of the recording 
medium P by the drive and driven rollers 22, 23 be reduced by the nipping force changing 
unit, wherein the nipping force of the drive and driven rollers 22, 23, located at positions far 
from the center line of the recording medium P, is reduced prior to the drive and driven 
rollers 22, 23 located at positions near the center line of the recording medium P. By doing 
so, the skewing of the recording medium P can be further restricted when the recording 
medium P is nipped and conveyed by the downstream conveyor rollers 24, 25 only, after the 
trailing edge of the recording medium P comes out of the upstream conveyor rollers 22, 23. 

[0063] The invention is not limited to the recording medium conveying device that 
conveys a recording medium to the printing unit having the ink-jet recording head 2, but also 
can be applied to a recording medium conveying device that conveys a recording medium to a 
printing unit of any type, for example, a printing unit having a thermal head or an 
electrophotographic printing unit. 

[0064] Further, the invention can be applied to a recording medium conveying 
device of a document reader provided in a facsimile machine and a scanning device as well as 
the recording medium conveying device disposed at the position opposite to the recording 
head. In this case, also, the pushing of the recording medium P by the upstream conveyor 
rollers 22, 23 can be prevented. Consequently, an image can be stably read after the trailing 
edge of the recording medium P passes the nipping points of the upstream conveyor 
rollers 22, 23, so that the read image data can be prevented from being distorted. 
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[0065] The way of conveying the recording medium P is also not limited to the 
intermittent conveyance as described above. The recording medium P can be continuously 
conveyed. However, in the conveying device that continuously conveys the recording 
medium P, it is necessary to control the nipping force of the upstream conveyor rollers so that 
the nipping force is reduced step by step. In order to achieve a smooth conveyance of a 
recording medium, it is preferable that the nipping force is reduced by several steps as much 
as possible. 

[0066] Although the invention has been described in detail with reference to a 
specific embodiment thereof, it would be apparent to those skilled in the art that various 
changes, arrangements and modifications may be applied therein without departing from the 
spirit and scope of the invention. 



